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(54) Stage System and Exposure Apparatus 

(57) [Summary] 
[Task] 

To provide a stage system which realizes long strokes without increasing the 
weight of a movable part and attains high control performance and high positioning 
accuracy. 

[Means for Solving] 



Translator's notes: 

□ □ □ : Used "bearing body" 

: Used "object placement stage" 

. . . : Used "installation floor" 
: Used "plane view circular" 

: Used "interferometer bus" though that seemed like an unusual term "interferometer 

path" 

. : Used "glass material" 



The apparatus is constructed such that long mirrors 75 and 77 are fixed to a part 
which does not move, the weight of a movable part PST of a stage system is reduced, and 
the relative position of the drive unit (actuator) that drives the stage and the laser 
interferometer reading does not change even when the stage moves. The position of the 
actuator for stage position control and the laser interferometer reading position for stage 
position measurement are always constant regardless of the stage position, so design of a 
control controller is easy. 

[figure] 
[Claims] 

[Claim 1] A stage system comprising a movable stage which can move in a first 
direction and a second direction, and a position detection device that detects the position 
of said movable stage in relation to long mirrors provided on a base member, wherein 

the stage system comprises a light sending optical system that sends to said long 
mirrors the detection light that detects the position of said movable stage in relation to 
said long mirrors via an optical device provided on said movable stage, and 

a moving device that moves said, light sending optical system in said first 
direction according to the movement in said first direction of said movable stage. 
[Claim 2] The stage system of claim 1 wherein 

said base member supports said movable stage movably.. 
[Claim 3] The stage system of claim 1 or 2 wherein 

said moving device moves said movable stage in said first direction. 
[Claim 4] The stage system of any of claims 1 through 3 wherein 

the stage system is equipped with a stage moving device that moves said movable 
stage in said second direction. 
[Claim 5] The stage system of claim 4 wherein 

the moving axis by which said stage moving device moves said movable stage and 
the optical axis between said optical device provided on said movable stage and said long 
mirror are approximately matched. 

[Claim 6] The stage system of any of claims 1 through 5 wherein 

said position detection device is equipped with a detector that is arranged on a 
vibration isolation member that is vibrationally isolated from said base member. 
[Claim 7] An exposure apparatus that exposes the pattern of the mask held on the 
mask stage onto the substrate held on the substrate stage, wherein 



a stage system noted in any one of claims 1 through 6 is used as the stage for at 
least one of said mask stage and said substrate stage. 
[Claim 8] The exposure apparatus of claim 7 wherein 

the exposure apparatus is equipped with a projection optical system that projects 
the pattern of said mask onto said substrate. 
[Claim 9] The exposure apparatus of claim 8 wherein 

said projection optical system and said long mirrors are held by a common 
member. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an exposure apparatus that exposes a pattern on a 
substrate in the manufacturing process for semiconductor devices and liquid crystal 
display panels as well as to the stage system incorporated within that exposure apparatus. 
[0002] 
[Prior Art] 

Figure 8 is a schematic diagram of a prior art step-and-scan method scan type 
exposure apparatus, and figure 9 is a perspective view that shows the schematic structure 
of the substrate stage (XY stage) thereof. Illumination light IL for exposure from light 
source 201 illuminates mask 207 with an even illumination intensity distribution. The 
image of the pattern on mask 207 that passes through projection optical system 21 1 is 
exposed by projection onto substrate 252 which is coated with photo resist. Mask 207 is 
held on mask stage RST ? and mask stage RST is driven by a linear motor, for example, in 
the Y direction which is the scan direction on mask base RSB. The Y coordinate of mask 
207 is measured by Y moving mirror 208 and external laser interferometer 209, and this 
Y coordinate is supplied to main control system 210 that does supervisory control of the 
overall operation of the apparatus. Main control system 210 performs control of the mask 
207 position and movement speed via mask stage drive system 219. 
[0003] 

Also, the Y coordinate of photo sensitive substrate 252 is always monitored by the 
moving mirror 250 for the Y axis fixed on the top edge of top plate 238 of the linear 
motor drive XY stage described later and by external laser interferometer 246, and the 
detected Y coordinate is supplied to main control system 210. Main control system 210 
controls the operation of X linear motors 224 and 226 and Y linear motors 232 and 234 
via drive system 223 based on the supplied coordinate. 



[0004] 

Next, we will explain the substrate stage (XY stage) which moves with photo 
sensitive substrate 252 placed on it using figure 9 for reference. XY stage 200 is equipped 
with a base (jouban) 212, an X guide 214 as a guide bar fixed on base (jouban) 212, a 
first moving body 216 that can move in the X direction along the base (jouban) 212 
upper surface and X guide 214, and a second moving body 236 that can move in the Y 
direction orthogonal to the X direction along Y guide 222 as the moving guide that 
constitutes this first moving body 216. X guide 214 is arranged along the X direction near 
the edge surface of the Y direction on base (jouban) 212. First moving body 216 is 
equipped with a first Y guide conveyor 218 arranged along the X direction near X guide 
214 on base (jouban) 212, a second Y guide conveyor 220 arranged on base (jouban) 
212 in parallel with this, and a Y guide 222 that extends in the Y direction installed 
between these. 
[0005] 

On one side of the Y direction of X guide 214 on base (jouban) 212, stator 224 A 
of first X linear motor 224 is extended in the X direction near X guide 214. Also, at the 
other side of the Y direction of second Y guide conveyor 220 near the other end of the Y 
direction on base (jouban) 212, stator 226A of second X linear motor 226 is extended in 
the X direction. Mover 224B of first X linear motor 224 is coupled at one end of Y guide 
222 via coupling member 228, and mover 226B of second X linear motor 226 is coupled 
at the other end of Y guide 22 [sic; should be 222?] via coupling member 230. Because of 
this, first moving body 216 is driven in the X direction by the movement of movers 224B 
and 226B of first and second X linear motors 224 and 226. 
[0006] 

Stators 232A and 234A of first and second Y linear motors 232 and 234 are 
arranged along the Y direction at one side and the other side of the X direction of Y guide 
222, and are suspended between first and second Y guide conveyors 218 and 220. 
Moving magnet type linear motors are also used as first and second Y linear motors. 
[0007] 

Second moving body 236 has a top plate 238 and bottom plate 240 that are 
arranged parallel to each other so as to sandwich Y guide 222 from top and bottom and so 
as to be almost parallel to the upper surface (reference surface) of base (jouban) 212, and 
has a pair of Y direction bearing bodies 242, 242 that mutually couple these top plate 238 
and bottom plate 240 at both sides of Y guide 22 [sic; should be 222?]. These Y direction 
bearing bodies 242, 242 are arranged in parallel to Y guide 222 so as to form a designated 
gap with Y guide 222. At the outer surface of these Y direction bearing bodies 242, 242 



are attached movers 232B and 234B (note that 234B is not illustrated) of previously 
described first and second Y linear motors 232 and 234 that form the drive means of 
second moving body 236, and second moving body 236 is driven in the Y direction by the 
movement of movers 232B and 234B of Y linear motors 232 and 234. 
[0008] 

Top plate 238 also functions as an object placement stage, and mounted on the top 
surface of this top plate 238 are long X moving mirror 248 that reflects laser light exiting 
from laser interferometer 244 for X coordinate measurement and laser interferometer 246 
for Y coordinate measurement fixed on base (jouban)212. When first and second X 
linear motors 224 and 226 and first and second Y linear motors 232 and 234 are driven, in 
correspondence to this, second moving body 236 on which photo sensitive substrate 252 
is mounted is moved in the X, Y two dimensional directions, and the movement position 
is measured by laser interferometers 244 and 246. 
[0009] 

[Problems the Invention Attempts to Solve] 

However, with the prior art exposure apparatus noted above, it is necessary to use 
a structure whereby a long mirror is placed on the movable part (movable stage) of the 
stage system, and when the stroke of the movable stage is made long, a longer long mirror 
is placed on the movable part, and this brings a degradation in controllability that comes 
with an increase in weight and inertia, as well as an increase in drive thrust. Furthermore, 
with the expectation that photo sensitive substrate 252 would increase in size in the 
future, it is expected that there would be an ever-increasing larger scale of movable stages 
as well. Also with the prior art, the structure was such that with movement of the stage, 
there was a relative change in the stage drive position (position of the drive axis of Y 
linear motors 232 and 234) and the stage coordinate reading position (position of 
incidence of laser light for measuring distance from laser interferometer 246 onto long 
mirror 250), so there was the problem that the mechanical system dynamics changed 
together with the stage position, making control difficult. Because of this, it was 
necessary to increase the mechanical system stiffness and attenuation performance in 
order to obtain positioning precision, positioning time, and constant velocity 
performance, and this required using expensive materials and complex forms, which 
increased costs. 
[0010] 

Taking into consideration these kinds of problems of the prior art, the goal of the 
present invention is to provide a movable stage system that can realize a long stroke 
without increasing the weight of the movable part. Another goal of the present invention 



is to provide a stage system that can obtain high control performance and high positioning 
precision without changing the relative positions of the stage drive position and stage 
coordinate reading position even when the stage moves. A further goal of the present 
invention is to provide a high performance exposure apparatus that incorporates this kind 
of stage system. 
[0011] 

[Means for Solving the Problem] 

To solve the problems mentioned above, with the present invention, long mirrors 
are fixed to a part that cannot move, realizing a lighter weight of the movable part of the 
stage system while also achieving a structure for which the relative position of the drive 
part (actuator) that drives the stage and the laser interferometer reading [position] does 
not change due to stage movement. With the stage system of the present invention, the 
[position] of the actuator for controlling the stage position and the reading position of the 
laser interferometer for measuring the stage position do not depend on the stage position 
and are always constant, so designing of the control controller is easy, and this is effective 
for improving positioning precision. - 
[0012] 

Specifically, the stage system of the present invention is a stage system (13, 15) 
comprising a movable stage (PST) which can move in a first direction (Y direction) and a 
second direction (X direction), and a position detection device that detects the position of 
said movable stage (PST) in relation to long mirrors (75, 77) provided on a base member 
(19), wherein the stage system comprises a light sending optical system (91, 92, 93; 131, 
132, 133) that sends the detection light (LI, L2, L3) that detects the position of the 
movable stage (PST) in relation to the long mirrors (75, 77) via an optical device 
(interferometer unit) (81, 82, 83; 121, 122, 123) provided on the movable stage to the 
long mirrors (75, 77), and a moving device (72, 102) that moves said light sending optical 
system (91, 92, 93; 131, 132, 133) in. said first direction (Y direction) according to the 
movement in the first direction of the movable stages (PST, RST). 
[0013] 

A base member (19) supports movable stage (PST) so as to be able to move. The 
moving device (72, 102) can be an item that moves the movable stage (PST) in said first 
direction (Y direction). Also, it is equipped with a stage moving device that moves the 
movable stage (PST) in the second direction (X direction). It is preferable that the moving 
axis by which the stage moving device that moves the movable stage (PST) in the second 
direction (X direction) moves the movable stage (PST) is approximately matched to the 



light axis between the optical device (interferometer unit) (81, 82, 83; 121, 122, 123) 

provided on the movable stage (PST) and the long mirrors (75, 77). 

[0014] 

The position detection device is equipped with a detector (interferometer receiver 
78) that is placed in the vibration isolation member (79) that is vibrationally isolated from 
base member (19). The exposure apparatus of the present invention is an exposure 
apparatus (11) that exposes the pattern of a mask (R) held on the mask stage (RST) onto 
the substrate (P) held on the substrate stage (PST), where the stage system described 
above is used as the stage for at least one of the mask stage (RST) or the substrate stage 
(PST). This exposure apparatus (11) can be equipped with a projection optical system 
(PL) that projects the pattern of mask (R) onto substrate (P). The projection optical 
system (PL) and long mirrors (75, 77) can be held by a common member. It is also 
possible to construct the long mirrors to be monolithic with the projection optical system. 
[0015] 

[Working Examples of the Invention] 

Following, we will explain working examples of the present invention while 
referring to the figures. Here, we will explain an example when the stage system of the 
present invention is applied to a step-and-scan method exposure apparatus that exposes 
the pattern of a reticle as a mask onto a square shaped glass substrate. For this exposure 
apparatus, the stage system of the present invention will be applied both as a mask stage 
that holds and moves a mask and as a substrate stage that holds and moves a glass 
substrate. 
[0016] 

Figure 1 is a schematic diagram that shows an example of exposure apparatus 1 1 
of the present invention. This exposure apparatus 1 1 is equipped with illumination optical 
system 12, mask stage system (stage system) 13 that holds and moves mask R, projection 
optical system PL, main unit column 14 that holds projection optical system PL, and 
substrate stage system (stage system) 15 that holds and moves glass substrate P, etc. With 
this working example, as an example, a liquid crystal display device pattern will be 
exposed on an 800 x 950 mm large scale glass substrate P. 
[0017] 

Illumination optical system 12 can be, as disclosed in Unexamined Patent No. 9- 
320956, for example, constructed from a light source unit, a shutter, a secondary light 
source forming optical system, a beam splitter, a condensing lens system, a mask blind, 
and an imaging lens system (none of which are illustrated), and the rectangular (or arc- 



shaped) illumination area on mask R held on mask stage system 13 is illuminated with 

uniform illumination intensity by illumination light IL. 

[0018] 

Main unit column 14 is formed from first column 17 that is held via a plurality of 
(here there are four, but only the two on the front side are shown in figure 1) vibration 
isolation tables 16 on the top surface of base plate BP that is the reference for the 
apparatus placed on the upper surface of installation floor FD, and a second column 1 8 
that is provided on this first column 17. These vibration isolation tables 16 have deployed 
as a damping material a passive type item that uses an elastic material such as rubber. 
[0019] 

First column 1 7 is supported almost horizontally by four vibration isolation tables 
1 6, and it is equipped with rectangular shaped base 1 9 that forms substrate stage system 
1 5, four legs 20 that are respectively arranged along the vertical direction at the four 
corner parts of the top surface of this base 19, and lens barrel base (jouban) 21 that 
mutually couples the top ends of these four legs 20 while also forming the top plate part 
of first column 17. Base 19 is made from a stone base (jouban). nai [appears to be a cut 
off word here by accident?] If ceramic is sprayed on this stone base (jouban) to coat it, 
it is possible to prevent the degradation of the surface precision due to nicks in the stone 
base (jouban). A plane view circular opening 21 A is formed at the center of this lens 
barrel base (jouban) 21, and projection optical system PL is introduced from above into 
this opening 21 A. A flange FL is provided on this projection optical system PL at a 
position that is slightly under the center of its height direction, and projection optical 
system PL is supported from beneath by lens barrel base (jouban) 21 via flange FL. 
[0020] 

Second column 1 8 is equipped with four legs 22 that are placed standing so as to 
surround projection optical system PL on the upper surface of lens barrel base (jouban) 
21, and base 23 that forms the top plate that couples these four legs 22 to each other at the 
top ends, specifically, forming the mask stage system 13. An opening 23 A that is the path 
for the illumination light IL is formed at the center of base 23. Note that all or part of base 
23 (the part that correlates to opening 23 A) can be formed using a light transmission 
material. Vibration from an installation floor FD to a main unit column 14 formed in this 
way is insulated at the micro G level by vibration isolation tables 16. 
[0021] 

As projection optical system PL, the optical axis AX direction is the Z axis 

* 

direction, and here, a dioptric optical system is used that consists of a plurality of lens 
elements placed at designated intervals along the optical axis AX direction so as to result 



> 



in telecentric optical placement at both sides. This projection optical system PL has a 
designated projection magnification of, for example, equal [IX] magnification. Because 
of this, when the illumination area of mask R is illuminated by illumination light IL from 
illumination optical system 12, because of the illumination light that passes through mask 
R, an equal [IX] magnification erect image of the pattern of the illumination area on 
mask R that passed through projection optical system PL is exposed on a conjugate 
exposure area on said illumination area on glass substrate P that was coated on the 
surface with photo resist. 
[0022] 

Figure 2 is an external perspective view of substrate stage system 15. This 
substrate stage system 1 5 is formed from a base 1 9, a substrate stage (stage main unit) 
PST supported to float above base 19 without contact, an X linear motor 64 as the linear 
motor that drives substrate stage PST in the X axis direction which is the scanning 
direction, Y linear motors 65A and 65B as the linear motors that drive substrate stage 
PST in the Y axis direction which is the step movement direction, and reaction force 
interception frames 54 and 55 that receive the reaction force that occurs with driving of 
the substrate stage PST by Y linear motors 65A and 65B. Reaction force interception 
frames 54 and 55 are installed independently in terms of vibration in relation to base 19 
by being supported on support member 62 which is fixed at one end to floor surface FD. 
With these reaction force interception frames 54 and 55, the reaction force that occurs 
when substrate stage PST is driven in the Y direction is transmitted to the floor, so this 
reaction force is not transmitted to projection optical system PL. 
[0023] 

X linear motor 64 consists of stators 66A and 66B extended along the X axis 
direction, and X carriage 67 as a mover to which substrate stage PST is fixed and that 
moves relative to stator 66. Stators 66A and 66B are provided on the top of X guide 68 
which is extended along the X axis direction. Then on X carriage 67, sandwiching X 
guide 68, movable member 69 is provided as a single unit with X carriage 67 and so as to 
be able to move freely in relation to X guide 68. Also, with movable member 69, an air 
pad 70 (air bearing) made of ceramic, for example, is mounted on the bottom surface, and 
this is supported to float above base 19. Glass substrate P is held by vacuum suction, etc. 
via a substrate holder (not illustrated) at the top surface of substrate stage PST. 
[0024] . 

Y linear motor 65 A consists of mover 57 A that is provided on the -X side end of 
Y guide 68, and stator 59A which is supported on reaction force interception frame 54. 
Also, Y linear motor 65B consists of mover 57B provided at the +X side end of Y 



carriage 72 that moves freely along Y guide 71 that is extended along the Y axis 
direction, and stator 59B that is supported on reaction force interception frame 55. Each 
stator 59A and 59B manifests a Japanese character ko shape [sideways squared "C"] that 
opens toward substrate stage PST so as to sandwich movers 57A and 57B. Note that X 
guide 68 is fixed at the -X side end of Y carriage 72. 
[0025] 

Measurement of the X and Y direction coordinate positions of the substrate stage 
PST is done using a laser interferometer. To measure the X direction coordinate position 
of the substrate stage PST, long mirror 75 for laser interferometer is fixed via support 
member 74 on base 19, and interferometer units 81 and 82 that have a corner cube and 
plane mirror as a pair are arranged on substrate stage PST. Also, to measure the Y 
direction coordinate position of the substrate stage PST, long mirror 77 for laser 
interferometer is fixed via support member 76 on base 1 9, and interferometer 83 with a 
corner cube and plane mirror as a pair is arranged on the substrate stage PST. 
Interferometer receiver 78 that holds a laser light source and light receiving device for 
laser interferometer units 81, 82, and 83 is supported on support member 79 for which 
one end is fixed to the floor surface FD, and thus it is installed in a manner that is 
vibrationally independent from base 19. Because it is not necessary for interferometer 
receiver 78 to be able to move, as with in the past, since it is possible to be installed 
separate from the apparatus, there is no effect due to heat emission of the receiver, and it 
is also not necessary to route wiring. Arranged on Y carriage 72 are optical-path-folding 
reflective mirrors 91, 92, and 93 that form the interferometer path. 
[0026] 

Figure 3 is a schematic plan view for explaining the structure of the laser 
interferometer of the present invention. Placed on substrate stage PST are two 
interferometer units 81 and 82 for measuring the X direction coordinate position of 
substrate stage PST and one interferometer unit for measuring the Y direction coordinate 
position of substrate stage PST. Also, reflective mirrors 91 to 93 that form the 
interferometer path are arranged on Y carriage 72 that moves in the Y direction along Y 
guide 71 . Laser light LI for measurement that exits from the laser light source in 
interferometer receiver 78 is reflected by reflective mirror 91 on Y carriage 72 and made 
incident on interferometer unit 8 1 , and the laser light reflected by the reference mirror of 
the interferometer unit and laser light reflected by long mirror 75 fixed in relation to base 
19 undergo light interference at interferometer unit 81, and after this interference light 
exits from interferometer unit 8 1 , it progresses in the opposite direction to incident laser 



light LI, is reflected by reflective mirror 91 on Y carriage 72, and returns to 

interferometer receiver 78. 

[0027] 

Similarly, laser light L2 that exits from the laser light source in interferometer 
receiver 78 is reflected by reflective mirror 92 on Y carriage 72 and made incident on 
interferometer unit 82, and the laser light reflected by reference mirror of the 
interferometer unit and the laser light reflected by long mirror 75 fixed in relation to base 
19 undergo light interference at interferometer unit 82, and after the interference light 
exits from interferometer unit 81, it progresses in the opposite direction of incident laser 
light L2, is reflected by reflective mirror 92 on Y carriage 72, and returns to 
interferometer receiver 78. Also, the laser light L3 exiting from the laser light source in 
interferometer receiver 78 is reflected by reflective mirror 93 on Y carriage 72 and made 
incident on interferometer unit 83, and the laser light reflected by the reference mirror of 
interferometer unit 83 and the laser light reflected by long mirror 77 fixed in relation to 
base 19 undergo interference, and the issued interference light progresses in the opposite 
direction to incident laser light L3, is reflected by reflective mirror 93 on Y carriage 72, 
and returns to interferometer receiver 78. 
[0028] 

In this way, by having laser light fall incident on the interferometer units 81, 82, 
and 83 from reflective mirrors 91, 92, and 93 arranged on Y carriage 72 that moves in the 
Y direction together with substrate stage PST along Y guide 71, even if substrate stage 
PST moves in the Y direction, it is possible to have the laser light be correctly incident on 
interferometer units 81, 82, and 83 on the substrate stage PST. Also, the interference light 
radiated from interferometer units 81, 82, and 83 goes in the reverse direction of the 
incident light path and returns to interferometer receiver 78. The locations of interference 
measurement by the laser interferometer are the interval between interferometer units 81 
and 82 on the substrate stage PST and long mirror 75, and the distance between 
interferometer unit 83 and long mirror 77. Because of this, part of the optical system that 
forms the interferometer path is placed on Y carriage 72, but even if the straightness of 
that part is poor, measurement error will not arise. 
[0029] 

Long mirror 75 has a length that covers the Y direction movement stroke of 
interferometer units 81 and 82 that move together with substrate stage PST, and long 
mirror 77 similarly has a length that covers the X direction movement stroke of 
interferometer unit 83 that moves riding on substrate stage PST. Also, the light path of 
the laser light that goes back and forth between interferometer unit 8 1 and long mirror 75 



is set on stator 66 A that extends along the X axis direction of X linear motor 64. In other 
words, interferometer unit 81 measures the distance between substrate stage PST and long 
mirror 75 at the position where the drive force of X linear motor 64 operates. Similarly, 
the light path of the laser light that goes back and forth between interferometer unit 82 
and long mirror 75 is set on stator 66B that extends along the X axis direction of X linear 
motor 64, and interferometer unit 81 measures the distance between substrate stage PST 
and long mirror 75 at the position where the drive force of X linear motor 64 works. 
[0030] 

Figure 4 is a schematic diagram that explains the structure of the interferometer 
unit. Here, we will explain using interferometer unit 8 1 as an example, but the other 
interferometer units 82 and 83 have the same kind of structure. Interferometer unit 81 
consists of polarizing beam splitter 95, reference mirror 96, corner cube 97, and 1/4 wave 
plates 98 and 99. 
[0031] 

Laser light LI that is reflected by reflective mirror 91 on Y carriage 72 is incident 
on polarizing beam splitter 95 of interferometer unit 8 1 , and is divided into transmitted 
light component 1 and reflected light component 2 by polarizing beam splitter 95. 
Reflected light component 1 passes through 1/4 wave plate 98 and is reflected by 
reference mirror 96, and again passes through 1/4 wave plate 98 and has its polarization 
direction turned 90 °, and is then reflected by polarizing beam splitter 95 and made 
incident on corner cube 97. The laser light that has returned from corner cube 97 is again 
reflected by polarizing beam splitter 95, and passes through optical path 3 to be made 
incident on reference mirror 96. The laser light reflected by the reference mirror is 
transmitted as is through polarizing beam splitter 95 and exits from interferometer unit 
81. 

[0032] 

Meanwhile, reflected light component 2 passes through 1/4 wave plate 99 and is 
reflected by long mirror 75, again passes through 1/4 wave plate 99 and has its polarizing 
direction turned 90 °, is transmitted through polarizing beam splitter 95 and is made 
incident on corner cube 97. The light that has returned from corner cube 97 again is 
transmitted through polarizing beam splitter 95, progresses through optical path 4 and is 
made incident on long mirror 75. The laser light reflected by the long mirror is reflected 
by polarizing beam splitter 95, and exits from interferometer unit 81 . 
[0033] 

In this way, the interference light of the laser light that made two round trips to the 
reference mirror 96 and the laser light that made two round trips to long mirror 75 exits 



from interferometer unit 81, and after this is reflected by reflective mirror 91 on Y 
carriage 72, it is made incident on interferometer receiver 78 and detected. The distance 
between polarizing beam splitter 95 and reference mirror 96 does not change. Meanwhile, 
the distance between polarizing beam splitter 95 and long mirror 75 changes according to 
the movement of substrate stage PST, and the interference state of the interference light 
exits from the interferometer unit 81 reflects the distance between interferometer unit 81 
and long mirror 75, and interferometer receiver 78 measures the distance between 
interferometer unit 81 and long mirror 75 from the change in the interference fringe. In 
the example shown in the figure, the X direction coordinate of substrate stage PST is 
obtained by getting the average of the distance measurement values according to the 
interferometer unit 81 and the distance measurement values according to the 
interferometer unit 82, and the difference in the measurement values according to 
interferometer unit 81 and interferometer unit 82 is divided by the Y direction distance of 
both interferometer units 81 and 82, and the rotation angle of substrate stage PST is 
measured. Also, the Y direction coordinate of substrate stage PST is obtained from the 
distance measurement using interferometer unit 83. 
[0034] 

Returning to figure 1, mask stage system 13 is equipped with the aforementioned 
base 23, a mask stage (stage main unit) RST that is supported to float above base 23 
without contact, a mask drive system 24 that drives mask stage RST at a designated 
stroke in the Y axis direction which is the scanning direction (relative movement 
direction) while it also does fine driving in the X axis direction which is orthogonal to the 
Y axis direction, and reaction force interception frames (supports) 25 and 26 which 
receive the reaction force that occurs with the driving of mask stage RST by this mask 
drive system. The base edge of reaction force interception frames 25 and 26 is fixed to 
floor surface FD via the opening formed respectively in lens barrel base (jouban) 21, base 
19, and base plate BP shown in figure 1, and the reaction force that occurs due to the 
movement of mask stage RST is made to escape into the floor. With these reaction force 
interception frames 25 and 26, the previously described reaction force is not transmitted 
to projection optical system PL. Because of this, it is possible to realize high precision 
exposure. 
[0035] 

The drive unit of mask stage system 1 3 has the same structure as the drive unit of 
substrate stage PST, and the mask stage RST coordinate position detection device that 
uses a laser interferometer also has the same structure as the coordinate potion detection 
device of substrate stage PST. With the working example noted above, we used a stator 



that has a structure that manifests a Japanese character ko [sideways squared "C"] shaped 
opening facing the stage, but for example as shown in figure 5, stators 59A and 59B can 
also have a structure that opens toward the +Z direction. In this case, the movers can be 
given a shape whereby they face the inside of the stator and hang down to the -Z 
direction. Also, for the Y linear motor 64 that is the aforementioned linear motor and X 
linear motors 65 A and 65B, it is also possible to use either a moving coil type or moving 
magnet type format. 
[0036] 

It is also possible to use the present invention for stage devices that are driven by a 
drive device other than the linear motor. Figure 6 is a schematic perspective view that 
shows an example of applying the present invention to a substrate stage device driven by 
a ball screw, and figure 7 is a schematic plan view of this. 
[0037] 

This substrate stage system is equipped with a base 19, a substrate stage PST that 
is positioned over base 19, and a mechanism for driving substrate stage PST. The drive 
mechanism is equipped with a ball screw 1 14 and an X motor 113 that rotationally drives 
this, and a ball screw 104 and a Y motor 1 03 that rotationally drives this. A glass 
substrate P is held by vacuum suction, etc. via a substrate holder (not illustrated) on the 
upper surface of substrate stage PST. Y motor 103 drives Y carriage 102 along Y guide 
101. An X guide 1 1 1 is fixed at the -X side end of Y carriage 102. Substrate stage PST 
moves in the Y direction together with Y carriage 102 by driving of Y motor 103, and 
moves in the X direction along X guide 1 1 1 by driving of X motor 113. 
[0038] 

Measurement of the X and Y direction coordinate positions of substrate stage PST 
is performed using a laser interferometer in the same way as the aforementioned stage 
system. To measure the X direction coordinate position of substrate stage PST, long 
mirror 75 for laser interferometer is fixed to base 19 via support member 74, and with a 
corner cube and a plane mirror as a pair, interferometer units 121 and 122 are arranged on 
the substrate stage PST. Also, to measure the Y direction coordinate position of substrate 
stage PST, long mirror 77 for laser interferometer is fixed to base 19 via support member 
76, and with a corner cube and a plane mirror as a pair, interferometer 123 is arranged on 
substrate stage PST. Also, the optical-path-folding reflective mirrors 131, 132, and 133 
that form the interferometer path are arranged on Y carriage 102. 
[0039] 

The optical path of the laser light that goes back and forth between interferometer 
unit 122 and long mirror 75 is set at a position at which the drive force of X motor 113 



works on substrate stage PST 5 specifically, on ball screw 1 14. In this way, interferometer 
unit 122 measures the distance between substrate stage PST and long mirror 75 at the 
position where the drive force of X motor 113 works. The X direction coordinate of the 
substrate stage PST is obtained using the distance measurement value according to 
interferometer unit 122, and the difference in distance measurement values according to 
interferometer unit 121 and interferometer unit 122 is divided by the Y direction distance 
of both interferometer units 121 and 122, and the rotational angle of substrate stage PST 
is measured. Also, the Y direction coordinate of substrate stage PST is obtained from the 
distance measurement value using interferometer unit 123. 
[0040] 

With the present invention, there is no change in the relative position of the drive 
actuator and the laser interferometer that measures the movable part position, so the 
frequency response of the control system does not change no matter what the position of 
the X and Y coordinate system the stage movable part is in. Because of this, filtering 
using the control controller becomes possible, and higher performance control can be 
obtained. 
[0041] 

Also, until now, to maintain the precision of the long mirror surface, a high level 
of flatness for the surface of the member for attaching the long mirror was required, and 
rigidity was necessary to maintain this, and it was not possible to avoid having the part 
become thick and heavy. However, with the present invention, because it is possible to 
bring the long mirror to the fixed side, it is possible to use a structure without considering 
not only the weight of the long mirror main unit but also the weight of the supporting 
member. Because of this, it also became possible to incorporate long mirrors without 
losing any degree of flatness. 
[0042] 

With the interferometer structure of the present invention, there is concern about 
the occurrence of an Abbe error. In particular, when the projection optical system PL 
which does not move during exposure is used as a reference, the laser light side that 
performs position measurement does move, so an error may occur that is proportional to 
the interval (Ax or Ay) between the laser light and the projection optical system PL. 
However, the displacement of all directions X, Y, and 9 of the movable part (substrate 
stage PST, mask stage RST) is monitored, so even in that case, by making a correction of 
Ay • AG for the X direction error and of Ax • AO for the Y direction error, it is possible to 
cancel the Abbe error. 
[0043] ■ 



With the working example noted above, we used a structure that applied the stage 
system of the present invention to exposure apparatus 1 1 , but the invention is not limited 
to this, and it is also possible to apply this not only to exposure apparatus 1 1 but also to a 
precision measuring instrument such as a transfer mask writer or a mask pattern position 
coordinate measuring device. As a substrate, it is possible to use not only a glass substrate 
P for a liquid crystal display device, but also a semiconductor wafer for semiconductor 
devices, ceramic wafers for thin film magnetic heads, or a mask or mask original plate 
(synthetic quartz, silicon wafer) used for an exposure apparatus. 
[0044] 

As exposure apparatus 1 1 , in addition to a step-and-scan method scan type 
exposure apparatus that does scan exposure of a mask R pattern by synchronously moving 
reticle R and glass substrate P (scanning stepper; U.S. Patent No. 5,473,410), it is also 
possible to apply [this invention] to a step and repeat type projection exposure apparatus 
(stepper) that, with mask R and glass substrate P in a still state, exposes the mask R 
pattern, and moves glass substrate P sequentially in steps. As the type of exposure 

* 

apparatus 1 1, the invention is not limited to an exposure apparatus for manufacturing 
liquid crystal display devices, but can also be widely used in items such as exposure 
apparatuses for manufacturing semiconductor devices that expose a semiconductor device 
pattern on a wafer, or exposure apparatuses for manufacturing thin film magnetic heads, 
imaging device (CCD), or masks. 
[0045] 

Also, as a light source for the exposure illumination light, it is possible to use not 
only the bright line issued from a high power mercury lamp ( g-line (436 nm), h-line 
(404.7 nm), i-line (365 nm)), a KrF excimer laser (248 nm), an ArF excimer laser (193 
nm), or an F2 laser (157 nm), but charged particle beams such as X rays or electron beams 
can also be used. For example, as an electron gun when using electron beams, it is 
possible to use thermo electronic emission type lanthanum hexaboride (LaB6) or tantalum 
(Ta). Furthermore, when using electron beams, it is possible to use a structure that uses 
mask R, and it is also possible to use a structure that forms a pattern directly on the wafer 
without using mask R. It is also possible to use higher harmonics such as YAG laser or 
semiconductor laser. 
[0046] 

The magnification of projection optical system PL can use not only an equal [IX] 
magnification system, but can also use a reduction system or an expansion system. Also, 
as the projection optical system PL, when using far ultraviolet rays such as of an excimer 
laser, it is possible to use a material that transmits far ultraviolet rays such as quartz or 



fluorite as the glass material, and when using an F2 laser or X rays, it is possible to use a 
catadioptric or dioptric optical system (use a reflective type item for mask R as well), or 
when using electron beams, as the optical system, it is possible to use an electronic 
optical system that consists of an electronic lens and polarizer. Note that it goes without 
saying that the optical path through which the electron beams pass should be in a vacuum 
state. It is also possible to use [the invention] on a proximity exposure apparatus that 
exposes the mask R pattern in which mask R and wafer W adjacent to each other without 
using a projection optical system PL. 
[0047] 

As the drive mechanism for each stage RST and PST, it is also possible to use a 
flat motor that drives each stage RST and PST by electromagnetic force with a magnet 
unit (permanent magnet) with magnets arranged two dimensionally and an armature unit 
with coils arranged two dimensionally arranged facing each other. In this case, one of 
either the magnet unit or the armature unit is connected to stage RST and PST, and the 
other of the magnet unit or armature unit can be provided on both moving sides (base) of 
stages RST and PST. 
[0048] 

Merit of the Invention 

With a present invention like that described above, it is not necessary to construct 
a long mirror that requires precision on the movable part, so it is possible to omit not only 
the long mirror weight but also the member that couples this with good precision, 
allowing a significant lightning of the movable part weight. Because of this, the 
resonance frequency of the mechanical system increases and the frequency response of 
the control system is high, allowing an increase in control performance. 

Brief Description of the Figures 

[Figure 1] This is a schematic diagram that shows one example of an exposure device 
according to the present invention. 

[Figure 2] This is an external perspective view of a substrate stage device. 
[Figure 3] This is a schematic plan view for explaining the structure of a laser 
interferometer according to the present invention. 

[Figure 4] This is a schematic diagram that explains the structure of the 
interferometer unit. 

[Figure 5] This is a schematic diagram that shows another example of a substrate 
stage device according to the present invention. 



[Figure 6] This is a schematic diagram that shows another example of a substrate 
stage device according to the present invention. 

[Figure 7] This is a schematic plan view of the substrate stage device shown in figure 
7. 

[Figure 8] This is a schematic diagram of a prior art step-and-scan method scan type 
exposure device. 

[Figure 9] This is a perspective view that shows the schematic structure of a prior art 
substrate stage. 

Explanation of Code Numbers 

1 1 Exposure device 

12 Illumination optical system 

1 3 Mask stage device 

1 4 Main body column 

1 5 Substrate stage system 

16 Vibration isolation table 

19 Base 

20 Leg 

21 Lens barrel base (jouban) 

22 Leg 

23 Base 

24 Mask drive system 

25, 26 Reaction force interception frame 
54, 55 Reaction force interception frame 
57A, 57B Mover 
59A, 59B Stator 
62 Support member 

64 X linear motor 

65 A, 65B Y linear motor 
66A, 66B Stator 

67 X carriage 

68 X guide 

70 Air pad 

71 Y guide 

72 Y carriage 

74 Support member 



75 


Long mirror 


76 


Support member 


77 


Long mirror 


78 


Interferometer receiver 


79 


Support member 


81, 82, 83 Interferometer unit 


91,92,93 Reflective mirror 


95 


Polarizing beam splitter 


96 


Reference mirror 


97 


Corner cube 


98,99 1/4 wave plate 


1P1 


Y guide 


102 


Y carriage 


103 


Y motor 


104 


Ball screw 


111 


X guide 


113 


X motor 


114 


Ball screw 


121, 


122,123 Interferometer unit 


131, 


132,133 Reflective mirror 


200 


XY stage 


201 


Light source system 


207 


Mask 


210 


Main control system 


211 


Projection optical system 


212 


Base (Jouban) 


214 


X guide 


216 


First moving body 


2 1 8, 220 Y guide conveyor 


219 


Reticle stage drive system 


222 


Y guide 


223 


Drive system 


224,226 X linear motor 


228 


Coupling member 


232, 234 Y linear motor 



236 Object placement stage (Second moving body) 



242 Y direction bearing body 

246 Laser interferometer 

250 Y moving mirror 

252 Photosensitive substrate 

BP Base plate 

FD Installation floor 

IL Illumination light 

LI , L2 5 L3 Laser light for measurement 

P Glass substrate 

PL Projection optical system 

PST Substrate stage 

R Mask 

RST Mask stage 

Figures: 
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Figure 4 



Figure 5 



Figure 6 



Figure 7 



Figure 8 
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[ 0 0 2 0 ] m 2 2 7 A l 8 J*, ^©^S2 1 © Ji^oc 
^il»SPL*Htf J:5^iaR*n^4*<OW»2 2 

4. cn&4*©js»2 2©±»«isiH*ats , r^ 

T^t>*>-?A i'Ar-yig 1 3***^^- 
A2 3 4*«ifCl^o ^-A2 30C-4 3 *»^. BS^ 
*I L€S>aH4^&raP2 3AaMW8ftT^*. ft 

^©»fti*, esse i e«c cfc^r-^^ >DG^r(8 

[ 0 0 2 1] »K***P L4 Urtt. ZVffibAXV 
*l*#Z*l*l*t**l, CCT?{*. ffl«ru-b> h'J ? 
i> ^ *^Sg4 ft £ J: ^ <c *H A X #|PJ - <cffin 
■^CEKdnfeWMKOU >Xx L^y > h ^?bft ^S*r 

c«s>WB***PLtt. ^ 

^bs^ $n^>4, ^x^R^MiaL fcffmxft <t o , 

ttK^vx P L 1/ r v ^ ^ R ±(DiftmffiMM>^ < 

fttctfv xgfe P±©WlaHSW»iSK*ia:ftaftlB«tc 

[ 0 0 2 2 ] B 2 1*, SB ^ r - ^gg 1 5 <9[>MHSM 
mX'&ho CflE>atEX^-yftBl 5tt, ^-^19 
4. ^a! 9©±*td#«*t1*±Sf#dnfcgfiX 
f-:MAr-^} PST4, SfiAr-^PST 

-CCC'X'J 4 4. IfiAf-vPST^Af 

O-CflOY'J ^7^-^65 A. 65B4, YU^7*- 
^"6 5A, 6 5Bccj:&5S^7--s>PST©«fltc# 
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±#*KtalS*VCl'6. E*M&IS3i'-^5 4, 55 
J: 0 . fflS**-^P S T#Y1WfclW0fclSfc*£ 

ffieW^SKtatsniOT, WBilWfcPLKCfl) 

[0 02 3] X l J-7*-*6 4t*. X«*ftMe»- ? 'C 
Sft£Afcfl£?6 6A. 66B<t. ggAr-^PS 

i/c<dx* * »j >V6 7 t^fe^atiri**. b*t- 

6 6 A. 8-6BGt, Xia£l^tCSvC§£!ft3ft*:X*7 

K6a©±«cw^fenxi»*. ety-c, x*+»j*s> 

6 7 K {*, X * 4 K 6 8 * Sfe^r- vUMttt 6 9 # X * * 
■J ^ y 6 7 t-fttSK, ;0-oX #4 K 68 KjtfLTSP* 

iSEteaw^n-ci^. *&, vnwtt6 9t*. saga 
^ *r */r i/ r x? xgg p $ft£c»«cc j: »j eft $ n 

[0024] Y'J-T-t-*8 5Att. Y#-f F6 8<& 
-X«KBa*c«i^n&Bl« L 5 7At 1 EAiBIW!!? 
L--A5 4±fc£f#3ft*B*-?-5 9 Ai^^SsE^n 

y » t>7 2 XttHMKBtt fcftfcHl*«-5 7 B £ , 
^/j 7 u - ju 5 5 JiKxff <* ft 5 9 B t 

&*>llhtt*tixi*h m sne?-5 9A. 5 9Bt*. ^Jto 

*5 7 A. 5 7B-&tt^iit»J:^tcS«Ar-t>PST 

KUfcrtr-Bpr^^^tttsbri^, tea, Y**y 

[0025] S«*r-^PSHZ>X, Y^AOriMfi 
PST©X*|»©MWaHW!>fc«>tt:, 1 9_b 

«c*J*ittt7 4 £/ror u - w*itffl0«Rtt 7 5* 
B*U !HE^*—^PST±cca-++a-3 , i.TO 

**ti±l/fcTiMM-* h8 !. 6 2*BBl/-C4> 
4. Sfc, «8^^-S>PST©Y#lW>*BiaBifa 

ofctttc, 1 9±K30MW*7 et/ru-c-i/-* 

T*IiE3©£R*a7 7 *B£U *S*f-^P S T± 
CC 3 - * + * - ± ± OfcflW 8 3 ses 

L*-mHMt*~ ? h 8 1 , 82, 8 3EG> 
I' - If^SSS^^feS*^ L/ AlT&ii US/w< 7 8 
It. HfiMfti F D £fl« 5 n fcxfcSM* 7 9 $ ft? 

Bsnrt**, TiMt uv-M7 8 a^flfr 
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t«i-C**fc». U^w<©jaM»ttft<, 12^*51 
0BT£«(idc^ Sfc. Y* t y v l>7 2±fcTf>tt 
M**HbjW **H*r0BtfH0>Si*J>9 1. 9 2, 9 
3#BB£A'C<r>'<&« 
[ 0 0 2 6 ] B 3 it, *&mtc J: £ u 

*K9rr&fc»«nH £ BB?*&. s&^-^ps 

T JiKIt, SS*r-^P S T<DX#[BKDfi*fiBlt«l 
Qfcavfl>2fl©flMtii ^ h 8 1 , 8 2 S&Ar 
- P S T © Y #ffl<W*ft f4Blt«ffi© 1 BflEHFiMf J- 

■^^R«B9 1 -9 3^Y^ K7 1 fc»-3'CY#nfC 
»fl-r*Y++ 'J?y7 2±CCBB8tirc»&. ^It 
u > - m 7 8 u -1F*B* 6 gli 3 nfcfl-BffiCD U 
-1f*L ! It. Y+t 0 ^ t>7 2±©S«*9 1 rEM 

BBB-CKMStifeu-^t^-^ 1 SkUHp-cB* 

y h 8 i KrAfl^i/rafti/feTaMtJi, ^*if^^ 

s h 8 l*6IM*l/fc€S)%/\l*U-1f*L ! tattle 

20 fitfu, Y++ , J^:>7 2±<os^9it:'E#^m: 

+sMH^^w<7 8CCR4. 

[0 02 7] BttCC, T*WU^^<7 8*<7>L/-^ 
SRd»*»a«^ftft:^--**L2tt < Y*t»J ^t>7 2± 
©SI* 9 2'C5S*$ftT : R*H-ai v> K 8 2 (CAM 
. flMt j. ^ ^ F ©»HiT?ffiHS ft fc l- -If* t << 
1 9tc»LTB*SftfcSR«7 5i?Sfl*SftfcU' 

-tfftiJWMti^ ? h a 2 «cr Ti**ti 

T!MJi-? h 8 l^#5>a«L/fc©*>A**l"-tf*L2 
^ie^rlfiltcMffU, Y+-M»^S>72±0>JSa*S92l? 

30 fi(Hdftr : IHMtu^^7 8(cii» t Sfc, TiNfu 

^-.•<7 8 ^C'b-lfjfcag^^afliSftft: u-tf*L 3 
it. Y* t "J * y 7 2 ±©5J*«9 3 -CEM^ft C^gt 
at^ ^ ? F 8 3KASTL/. -? h 8 3CDS«tt 

r'S^$ftfcu-if*<t^-^ i 9K«urBtf 3ftfc 

SR»7 7rE«$ftfcb-if*t© : F*ccj:-7*Cft* 

* * 'J i>7 2 ±©SMSS 9 3 r-E«3ftr +»lt 
w<7 8tCM^. 

[0 02 8] C<0£*>lCYtf<{ ¥1 Kirfi^ri^Ar 
40 -^PST<tttfcY*|SKc»ljrt' 6Y*t y i-^7 2± 
cc|3BL/A:Eli»9. 1,92,9 3^^^lta^ y I- 
8 1, 8 2, 8 3tCU--tf**ASf3^Ci^J:0, 
Y#i*(CllSx»---s>PSTaWlfcl/T«»ltS^*'-i> 
P S T_b©T*3t^^ s h 8 1 , 8 2, 83 u 
-1f**7vMT^Ci^C*^>o 53Tc. =?mte~ ? h 
8 1, 8 2, 8 3*BJ«l/fti : F»*i*A«**»*iefti/ 
rT8ttfu^--'<7 8(CRo'Cl*<. L--l7 <I F^lT'tcj: 
-3XflMtlir*Bafrtt. iSAf-i'PSTK'TSt 
v Y 8 1 , 8 2 <h^R&7 5 i©B©BM. SO' 
50 T &!i ? h 8 3 <h^Ri$7 7 &eBMEtt-Cft6. 
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r . WH^t*^? & c 4 lift v >. 

[0 02 9] fiR*87 5a*K*7-£>P S T&MtCff 
lW4TW|-:i-* 1-81,8 2©Y*|SKE>»aix Y a 
-***M--r**S«IU £R® 7 7 liHttKSS 

fc. TM\*- 4gR&7 r o<TM&m%iri> \' 

■-Iftte©*^. Xy~7*-$6 4©Xia*r^:S- 3 10 

0 . T8Mt ^~ * h 8 1 «. X »J ^7*- £ 6 4 ©SgJtt 

g7 &4<DHeHfcftWW6. HBtt:, 

■J ~ 7*- £ 6 4QXIa^f5)tc?&-7'C^:$n^^ J ?- 
6 6 B-LKsSSiSn, T&if^ h 8 1 tt, X 'J if 

- * P S T 4 SRiS 7 5 4 GHNMEft * WW * ♦ 
[ 0 0 3 0 ] B4 It, TWU- * h fiD#3i*IS?Bf * 20 

wmxhh. ccX'\£YM\^-'> b8 1&F0K4-? 

xm9ttt>&. ItoT^ata^ ?t 8 S. 8 3 fe|5j1ie> 
tftfi^WT*. TSMt^i ^ I* 8 1 t*. i*fc'-AA7 
'Jy*95, gi?&9 6. rW-**-*9 7. SO' 
4#C'i?6^fe9 8. 9 9*&*l«SlVCl*4 t 
[ 0 031]Y**'JsS>72 ±<ORI*9 ! 
ttftl/^jfeL 1 1*. TMt*^ * h 8 1 ©e*^-/* 
A* 'J * $ 9 5 (CAM I/. ®fefc>- y * * 9 5 T 

3H*.«» 1 4 2 n& 0 sn*a» 

i t*4*w> i g0d 8 til -3 rgi££9 6 r-SiiS 30 
n. mo' a #<o i jasfi9 8*a-?-c wfe*isid 5 9 o 1 

3— f-+a-^9 7KMW& 0 3-^-+^--/9 

7*6B^r#fcu~t^WtXB*fc^i*A:f y * * 

AA* y £ 9 S^iiiaUTT^it^^ y h 8 l »6(H 

[ 0 0 3 2] KM#a»2 «4 ! $&g£9 9 
*S^«Rft7 5rS«5n, fKM94>lft£tt9 40 

9«-jr«**«i3»9 0Ma«o. afct-AA^y 

* * 9 5 *5§h Ur ?'9 7 C AtiT&. 

a— #--*a-7 , 9 7*6R-? , C*te*l*ff»|i*t:- 
i***»J 7*9 5£&ilt,. #!K4*itA,T*R«7 5 

A*'J ? $ 9 5-CSM$n. T^lt^ ^ h 6 l **6Hi 

[0 03 3] WM9 6&®ll*2Sfllsfc 

u--tf*4«RM7 5 4©IBt2tEBLpfcU--tf , *4fl) 

T^^Tgtit^^ ? h 8 i *>^ffl«sn, y* + y ^ so 
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4SW*9 6 4CiB«>etti*^t?*^ 0 fifth' 
-A^7»J ?*95 4^R§S7 5 4©B«»I*R*§Ka 

id^ajstt'^^^^s^iit^jsit^^^ h8 1 

4^R^7 5 4«Ett*SMl'fct>®4tt«. T*ltu 

v-^7 SttTimflatib^feTWJi-^ ^ 8 1 4^ 

Ra7 5 4<o8m6*it«T*. a^pifti, ^p^it^ 

- «p h 8 1 (CJ:«KMWHM4TW» ? K 8 Sccj; 
^^SltiJfloc:^^ * 4 4 C 4 r-S^ ^ r - V> P S T <0 
X*[^1S4*«>, T^Ira^ ^ h 8 1 4T#Ita^-;. 
I 8 2tcj:&Hi(^taii©S*M ; F»I* Jl - ? h 8 1 , 
8 2©Y*|SlM'ClSr#L*CSfiA^-*>PST©li<S 

m\\&A>H>&&*r-i>P S TOY*n«**»&. 
[ 0 0 3 4 ] B 1 tCM*i . -7X A^-i>gg l 31*, 

■na^-^ 2 3 4, 2 3 ©±*«c*«*c»±S: 

f#5nfe^^^^^-i> <^r-^*ft) RST4, ^ 
A^^r-i/R ST****|fi] {♦BW9ft*(fil) -C** 
Y«l#(aiic:S(r*©xha-iFr**T*4 4*><c. Ysa 

4 4. C^^^SgHp^^^^A^^f-^RST© 
^X$.l>&frj7 ^S/jSK^ 7U-A 
2 5, 2 6 4*fi*r<,-£. S*aWffl7L. 
-AS 5. 2 6<C'SSli. H!fcS3*U>««BES2 

i. ^-x 1 9 w^-^u-h op tc^nen© 

^Tt^>T?*)^. C©S*2W«7U-^2 5, 2 6CC 
J: 0 Htj^S/j^f^^P L tegS^n-SC tifitt 
C\ C«>fc». tlflt0)*^»S*«:*«"r6C4^ , C* 

[0035] ■? X * X r - t^S 1 3 
r-^PST<3C^Si^4|5j$i^^^(.^ u-lfT^ 

its ^r-^R s 7<oma&mabg£:i> 

OTSKlS'S'.fciCC, M^5 9A. 5 9B^+Z*|fil 

^^r^ar^li.'Sr^or^cfcc^ corns. *i$> 
*aH**rt^rt»r - z ^ifl^aTTiWWcrnu: 
j:c^ 0 sfe, ±ig(^y^7*-a?r^^Yy^7*-^ 

6450Xyi7^-^65A, 65Bii, A-tr>^ 
[ 0 0 3 6] $ tc, y - 7 * eMfiMBtt 

gg^c j: -? raa sn*Af- mhbi^m uxh sm^i 
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[0 03 7] CCSSx*— ^-Al 9£, 

fi^^-^psTftS^Tifcto^Ww*^*. tab 

-5? 1 1 3 £. *K-Jl*y 1 0 4 su «n*BGn*? 

&Y*-£ I 0 3 fflS*^-^PST©± 
fflKtf, ^H^CSfi*^ Mr/H/C -aSS Ptfft 

QflKSnft. Y*->10 3tt. 
K 1 0 I KjSvCY* * V 1 0 2 *gm?Z. Y* 

* »J ? ! 0 2 ©- XfNIMUCtt. X ^ K 1 1 1 *Q 
*a*VCl*&. ISAr-^PSTil Y*-*i03 

£ C <Lte J: 0 Y* + M * b 1 0 2 Y#*l 

[0038] 5SAf-s>PST0X, Y*ifl]©«ati: 
HtMOIC U fcAf - * »g t latiifc: u - ^TJMt* 
Siri-Orbft*. S«A^-s>PST©X*i6]©tttt<i 

i>PSTC^Y*^I^feteglfS^c«!!>OC, 9 

* * 'J * ^ 1 0 2±K^j£tf ><A&ttfc?£jlMftO ft 
tfffi©KSM* 13 1,13 2, 13 3$WS£tVCli 

[ 0 0 3 9] T^sfa^ * h I 2 2 £^R&7 5 CM* 

^* M 2 2**. X*-* 1 1 3«DKMj*ffflt 
SKtel'T, t£E*?~t>PST&SRft7 5£®H4) 
EflBtlt** T^lte-? h 1 2 2t£:j:&B§lSgStil 
l»c^-7ratB^f-^PST©X*l$l*1B**«>, T 
#§ia^ ;H2! ? h 1 2 2 

stSJgOM^iS^it^^ ^121, 12 2®Y*M 
EA8*Ctt» UX iSAf-^PST «>B6fi *IHW 

*fc, ^Mf-a-? h 1 2 3*JBl>fclEttiNM» 
&S«^r-^PST©Y*«*a*:*»*. 
[0 04 0] *»BfcJ:*<L, jffltfflr^^^x-^i 

[004 i ] ^zvmRmm<D A te&&m&T$>tc 
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ttfiRtt&HlEfflc *> ^ *C < £ C <t 4 fc«>, 

-?fc < *»ft ^Ciw< SR»«Ij&& c £ £ J: 5 

[ o o 4 2 ] j: * ^m\m&, r v ^g»« 

^b-^jfefli^gx ct*C44fl>c U-^jfeil8g;jfe 

^PL<t o>mm ( & x 5?.i*4 y > ic u tcmm&* 

' o&ctictt&, otto. «3tt^ (ltfcAf--yps 

T. -?A>?A^->:>RST) CDX^fBj. Y*(Sl. 

[ o 0 4 3] ±ig*ifc©»ar'ii, *«na>A^-ytt 

^ii^g> ^^^-'^-^ttBaaiatftBwixt 

< ^ a j^c xs^ P^b 6 r, ^ v 

[0(M4] SftttBl liorii. Ur^JURi^'^ 

30 Agf^P t &H»!»ttl/-C 7a ^ R^^-VttfiS 

g(^t^^-Ar^^;*i^i5, 47 
3, 4 10*)©**C, -7^^Ri^A8fipi!:&0 

P«:»XAr ? ^ttS^^Af ^ * T > K * ije- 

H * * « * - > S: ^>*^i* r v < ^ xttKJie>8Att 
40 g^. MKHai^? K, ffifiS^ (CCD) kZ^lt^ 

[ 0 0 4 5 ] B*fflB«*(weHi or. Jii5E 
AS^>7 r ^«S£r«HN ( crtt <43 6nm) , 1? 
iB (404. 7 nm) , iM (365 am) ) . KrF 
x^^-eu-lf (2 4 8 siffi) , A r F/^WU-f 

<193nm>. F« V-lf { 1 57 nm) GfotLh 

SO ^SlSt^7>^>^*^i<7V h (L a B« >> 4? 
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[ 0 0 4 6 ] ftKJbHfcP LMk*a. 9fiX€'*ft 6 
P L 4 l/Ctt, x*f ■? U—Mt £«Mfflft*M*JB 

sWR £ X € + u > X J: C NM < 6 ft * *** 
•KTiCittt^a-Ciftl'. Sfc. «I|3I*JRPL 

*So&ctft<, ^A^R<t-?x^wt*srg[5^r 
ich&mwtiX'&ho 

[0047] S^r-^RST, P S T©§gSMSw<h 1/ 

ft££Ar-^RST, PST(0»S?)S(RiJ {^-a) oc 
[0 04 8] 

a. «iMBM«:*«K*«i?a*. *o>tc#>. m$m 

[Bfia8»fti)glJ] 

[ B 2 ] 9— 5>»B«:*f BlSttlBo 

[B 3 ] X h u- tfTWtotfliM:IBBT6fe 

[B4] TMte-? t®flt&*H9i'r6mHfl. 

[B5] ^Mfc^&^fi^^-s^tB^AcDW*^ 



(» 1M2 0 0 1 -30 7 98 3 

SIS Bo 
&SSB 0 

[ b ? ] a 7 k * u fcss ^ r - ^ttBonwBB. 

[B8] fit*CD*r ?7» 7>K ■ ^* + >*^CC'3c* 

[B 9 ] fifc^'IfiAf- £><MHMrtftA?if|ttB<i 
I 1 -S£iBB. ! 2 ■ -BS^jfc^. 1 3 * 

S. 19 -^a, 2 0 -MB. 2 1- 

ttS«&, 2 2 -MB, 2 3 2 4—?X*g 

IbR. 2 5, 2 6-SAiCKffi7U-A v 5 4, 55- 

5 7 A, 5 7B-pJft J f. 5 9 
A, 59 B -HTe^, 6 6 4-X'j^r 

65A, 65B-YII-T*-*, 66A, 6 
6B 6 7-X* + »J?^. B8~X#4h\ 
7 7l~Y#-fK. 72"-Y* + "J? 

i> 7 4~Stt*t*. 7 5™*R* 7 8-a*(|*r, 
20 7 7H&R8L 7 7 9~ilttB 

tt. 8 1, 8 2, SSHFWt*-* K 9!, 9 2, 
9 3-SHtt. 9 5~«*tf-AX:f'J;>*, 9 6 -IE 
tKlt. 9 98, 9 9-4£4>! 

!0 1-Y#4K. 10 2-Y+ty ! 
G3-Y*-*. 1 04~#-JU*5>. 1 i i ~Xif4 
K. 113-X*->, 114--*-**^, 12 1, 
12 2, ! 2 K 13 1, 13 2, 1 

3 3 -SIM. 2G0~XYA7-t>. 2 0 1-ftB 
5fe 20 7™7^^ 2 1 0 2 1 1 ; 

30 jfc^^, 2 1 2 1 K, 2 1 6 -M 

1 (D9Mt % 2 18, 2 2 0-Y^V 2 1 9 

222-Y^r. 22 3 
-■NX, 2 24, 2 2 6-X»J~7*-£, 2 28 - 
*aS§W, 2 3 2, 2 34-Y»J^7*-5?, 2 36- 
■tt^^-y (H2ti)VNft> , 24 2-Y*[Sl*4S 
*. 24 6-b-^^lf. 2 5 0-Y»*«. 25 2 
BP-^-A^l^K FD-SSBJ*, i 
L--IBB*, LI, L2, L3-it*fflU-lWE. P- 
sV^^Sfi, PL - ftS;itm PST-1S^^ 

40 i> R-^X^. RST-7A^A?-y 
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[B7] [[98] 




F # -J* (ftff ) 2F078 CA02 CA08 CB05 CB09 CB1? 

CC03 

3C029 AA01 M12 M40 
5F046 BA.05 CC01 CCO? CC03 CC16 
CC18 D605 DC05 DC12 G406 
GA11 GA12 G414 
5F056 C822 CC05 EA14 FA06 
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